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Abstract-Thefirst in situ preparation of triphenylbismuthane (tropon-2-yl)imide
has been accomplished by the reaction of triphenylbismuth dichloride with 2-
aminotropone. Theimideis not isolated due to its moisture sensitivity, while it
undergoes aza-Wittig type reaction with heterocumulenes leading to cyclohepta-
annulated heterocyclesin situ, and reacts also as an oxidizing agent of activated
alcohols to give the corresponding carbonyl compounds under mild conditions.

Among pnictorane imides of the general structure RN=MAr3 (M =P, As, Sb, Bi), triarylbismuthane imide
(1) are aclass of compound bearing a formal double bond between the nitrogen and the bismuth elements,
and they are analogues of iminotriaryl phosphoranes (phosphorane imide) (2) (Scheme 1). They have
been receiving considerabl e attention in view of their chemical analogy to pnictorane ylides as well as
potential utility in organic synthesis.® The properties of pnictorane imides are very dependent on the
identity of pnictogens The dipolar and nucleophilic characters of the pnictorane imides appear to
increase and their stability decreases when the pnictogen stands lower in the Periodic Table. Thus, dl
known bismuthane imides*® are stabilized by highly electronegative arenesulfonyl,”
trifluoromethanesulfonyl,® and trifloroacetyl® groups on the nitrogen atom, but no bismuthane imide
bearing afunctional group other than organic sulfonyl and trifluoroacetyl groups has been reported to
date. On the other hand, the utility of (vinylimino)phosphoranes (3) as useful building blocks for the
synthesis of azaheterocycles has been demonstrated convincingly.**** (Vinylimino)phosphoranes
undergo a single-step annulation with compounds containing two electrophilic centers such as a-bromo
ketones, a,3-unsaturated ketones and aldehydes, as well as related Michael acceptorsto give avariety of
nitrogen heterocycles.® In relation to these studies, we have been interested recently in
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exploiting the synthesis, structure, and reactivities afforded by (tropon-2-ylimino)phosphorane (4).*> The
compound (4) has been clarified to react with heterocumulenes to provide a new methodology for
constructing cyclohepta-annulated five-membered heterocycles. In order to gain a better understanding
of bismuthane imide, we report herein the first in situ preparation of bismuthane (tropon-2-yl)imide (5)
and its reaction with heterocumulenes and activated alcohols under mild conditions.

In our previous paper,™ we reported a Kirsanov reaction™ treating 2-aminotropone (7) with PhsPCl- in
benzene to yield (tropon-2-ylimino)phosphorane (4) in good yield. In asimilar fashion, the reaction of
triphenylbismuth diclorides (6) (0.5 mmol) with 7 (0.5 mmol) and '‘BuOK (1 mmol) in benzene (5 mL) at
room temperature proceeded smoothly in 5-10 min, but the usual workup did not afford the imide (5), and
only the staring material (7) was recovered quantitatively. However, in situ preparation of 5 was carried
out in asimilar fashion using 6, 7, and 'BuOK in hexadeuteriobenzene, and the *H NMR spectrum, which
issummarized in Table 1, confirmed the formation of imide (5). The addition of a trace amount of H,O
to ayellow solution of 5 generated in situ caused decomposition of 5, and clean conversion to 2-
aminotropone (7) was confirmed by the *H NMR spectrum (Scheme 1).
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Compound (4) has been clarified to react with heterocumulenes (8a-c) in refluxing benzene or toluene to
afford cyclohepta-annulated heterocycles.™® Thus, targeting clarification of the reactivity of the imide (5)
and the construction of cyclohepta-annulated heterocycles, the reactions of 5 with heterocumul enes (8a-
d) were investigated via similar intermediates to those of the reactions of phosphorane imide (4) with
heterocumulenes™ under mild conditions at room temperature. Compound (5) reacted with carbon

Table 1. 'H NMR spectral data of imide (5) and 2-aminotropone (7), and physical data of product (13)

5: 1H NMR (500 MHz, C¢De) & 6.36 (1H, dd, J=9.0, 9.4, H-5), 6.80 (1H, dd, J=9.0, 10.2, H-6), 6.93 (1H,
dd, J=9.4, 11.9, H-4), 7.25 (1H, d, J=10.2, H-7), 7.91 (1H, d, J=11.9, H-3), 7.18-7.21 (9H, m, Ph), 7.95
(6H, d, J=7.0, Ph).

13: dark red prisms; mp 140-142 °C (AcOEt); *H NMR (600 MHz, CDCl3) 5 6.66 (1H, d, J=9.8, H-8),
6.91 (1H, dd, J=10.0, 9.8, H-6), 7.02 (1H, m, Ph), 7.19 (1H, dd, J=9.8, 10.0, H-7), 7.31 (4H, m, Ph), 7.44
(1H, dd, J=9.8, 11.1 H-5), 7.50 (2H, d, J=7.8, Ph), 7.52 (1H, t, J=7.5, Ph), 7.60 (1H, d, J=11.1, H-4), 7.62
(1H, dd, J=7.5, 7.8, Ph); ®*CNMR (150.8, MHz, CDCl3) & 110.2 (C-8), 122.7 (Ph), 123.3 (Ph), 127.1 (C-
4), 127.9 (C-6), 128.1 (Ph), 128.5 (Ph), 128.9 (Ph), 129.8 (Ph), 134.6 (quart), 136.2 (C-7), 138.7 (C-5),
149.1 (quart), 152.2 (quart), 159.3 (quart), 165. 8 (quart); IR (CHCIl3) 1634, 1580 cm-1; MS (m/z), 297
(M+, 72%), 77 (100). Anal. Calcd for CooH1sNs: C; 80.78; H; 5.08, N; 14.13. Found: C; 80.51, H; 4.98,
N; 13.86.
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disulfide (8a) to give 2H-cycloheptoxazol -2-thion, which probably arises from the aza-Wittig-type
reaction of 5 with 8a giving the intermediate (9a) and subsequent 10-Ttelectron cyclization.™® Similarly,
compound (5) with phenyl isothiocyanate (8b) and phenyl isocyanate (8c) reacted to give a mixture of
2H-cycloheptoxazol-2-imines (Z)-11 and (E)-11 in aratio of 7/3 and 2H-cycloheptoxazol-2-one (12) in
modest yields, probably via the intermediates (9b) and (9c), respectively.®> On the other hand, the
reaction of 5 with diphenylcarbodiimide (8d), which was prepared in situ by heating 8c and a catalytic
amount of triphenylarsine oxide in benzene,*” afforded N-phenyl-2H-cycloheptoxazol -2-imine (13)
probably via the intermediate (9d), which suggests a Bi--O interaction in 5, in modest yield (Scheme 3).
The reaction conditions and the yields of the products are summarized in Table 2 (Entries 1-4). The
structures of the known compounds (10), a mixture of (Z2)-11 and (E)-11, and (12) were confirmed on the
basis of the spectroscopic data of an authentic specimen.’® The structure of new compound (13) was
assigned on the basis of the *H and **C NMR spectra, IR spectrum, MS spectral data, analytical data, as
well as a comparison of the physical datawith those of the related derivatives.® Furthermore, it was
found compound (13) is not a mixture of (E)- and (Z)-isomers. Although no evidence for the
stereochemical situation for 13 obtained, we prefer the (Z)-isomer for 13, because of the steric hindrance
of the phenyl groups.

Triarylbismuthane tosylimide prepared in situ® and stabilized triarylbismuthane imides®® have been
reported to exhibit oxidizing ability toward activated alcohols, converting them into the corresponding
carbonyl compounds. Thus, the attempted reactions of imide (5) with benzopinacol (14) proceeded
smoothly at room temperature to give benzophenone (17), in addition to 2-aminotropone (7) and
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Table 2. Resultsfor the reactions of imide (5) with heterocumulenes (8a-d) and alcohols (14) and (15)

Entry Cumulene or Ratio of Reaction conditions’
Alcohoal 8a-d, 14 or 15/5° Time/min Product (Yield/%)C

1 8a excess 240 10 (21)

2 8b 10 180 (Z, E)-11 (26)

3 8c 10 10 12 (34)

4 8d* 10 10 13 (56)

5° 14 1 30 17 (95), 7 (90), 18 (92)
6° 15 1 300 19 (85), 7 (96), 18 (65)

a. All in situ preparations of imide (5) were carried out by stirring a mixture of 6 (0.5 mmal), 7 (0.5
mmol) and '‘BUOK (1.0 mmol) in benzene (5 mL) at room temperature for 5-10 min. b. Stirred at room
temperature. c. Isolated yield through TLC on SiO,. Yield was based on 2-aminotropone (7) used. d.
Prepared in situ by heating 8c and a catalytic amount of triphenylarsine oxidein benzene” e. CH,Cl,
was used instead of benzene.

triphenylbismuthane (18) in good yields, respectively, suggesting the possible intermediacy of 16.°
Similarly, the reaction of 5 with 3-phenylprop-2-enol (15) afforded cinnamaldehyde (19) in additionto 7
and 18 (Scheme 4). Theresults are summarized in Table 2 (Entries 5 and 6).

In conclusion, the present study demonstrates a practical and convenient preparation of
triphenylbismuthane (tropon-2-yl)imide (5). The compound (5), which contains aforma N=Bi double
bond, is found to possess enhanced reactivity toward heterocumul enes as compared with the phosphorus
analogue (4) and oxidizing ability toward activated alcohols converting them to the corresponding
carbonyl compounds Further studies of the synthesis and reactivities of a series of pnictorane imides are
now underway.

ACKNOWLEDGMENT
Financial support from a Waseda University Grant for a Special Research Project is gratefully



acknowledged. The authors also thank Materials Characterization Central Laboratory, Waseda
University, for technical assistance with spectral data and elemental analyses.

REFERENCES

1. A. W. Johnson, "Ylides and Imines of Phosphorus’, Wiley, New Y ork, 1993.

2.D. Lloyd, I. Gosney, and R. A. Ormiston, Chem. Soc. Rev., 1987, 16, 45; D. Lloyd and |. Gosney, in
"The chemistry of organic arsenic, antimony and bismuth compound”, ed. by S. Patai, John Wiley &
Sons, Chichester, New Y ork, Brisban, Toront, and Singapore, 1994, pp. 657-693.

3. N. C. Norman, "Chemistry of Arsenic, Antimony and Bismuth”, 1998, Blackie Academic &
Professional, London, Weinheim, New Y ork, Tokyo, Melbourne, and Madras; H. Suzuki and Y.
Matano, "Organobismuth Chemistry”, Elsevier, Amsterdam, Oxford, and New Y ork..

4. G. Wittig and D. Hellwinkel, Chem. Ber., 1964, 97, 789.

5. H. Suzuki and T. Ikegami, J. Chem. Res. (S), 1996, 24.

6. H. Suzuki, C. Nakaya, Y. Matano, and T. Ogawa, Chem. Lett., 1991, 105.

7. S. V. Pasenok, N. V. Kirij, Y. L. Yagupolskii, D. Naumann, and W. Tyrra, J. Fluorine Chem., 1993,
63, 179.

8. T. Ikegami and H. Suzuki, Organometallics, 1998, 17, 1013.

9. Y. Matano, H. Nomura, M. Shiro, and H. Suzuki, Organometallics, 1999, 18, 2580.

10. Y. G. Gololobov and L. F. Kasukhin, Tetrahedron, 1992, 48, 1353.

11. S. Eguchi, Y. Matsushita, and K. Y amashita, Org. Prep. Proced. Int., 1992, 24, 209.

12. M. Nitta, Rev. Heteroatom. Chem., 1993, 9, 87 and references cited therein..

13. P. Molinaand M. J. Vilaplana, Synthesis, 1994, 1197.

14. H. Wamhoff, G. Richardt, and S. Stolben, Adv. Heterocycl. Chem., 1995, 64, 159.

15. H. Yamamoto and M. Nitta, J. Chem. Res. (S), 1999, 173; (M), 1999, 901.

16. Y. G. Gololobov, I. N. Zhmurova, and L. F. Kasukhin, Tetrahedron, 1981, 37, 437; and references
cited therein.

17. 3. J. Monagle, J. Org. Chem., 1962, 27, 3851; P. Froyen, Acta. Chem. Scand., 1969, 23, 2935.

18. 1. Ueda, M. Matsuo, K. Taniguchi, S. Shigenaga, and T. Ogawara, Jpn Kokai Tokkyo Koho Jp 64
03,172 [89 03,172] (Chem. Abstr., 1989, 111, 57734q).



	HETEROCYCLES, Vol. 55, No.4, 2001, pp. 629-633, Received, 11th ...

